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Abstract 
Meeting the market demand and customer expectations on time entails the continuous and regular monitoring and development of 
processes. To perform the production faster, more productively, and on time when producing a product, it is important to determine 
in what order and when it will be processed at the available machines. Today thousands of people are employed in the tire sector, 
and great sources are allocated for R & D activities. Our country is one of the most important countries in the world in terms of the 
automotive and subsidiary industrial sectors. Many international tire brands carry on their manufacturing and research & 
development activities in our country. A tire-producing company carries out trial production called “trial tires” in conformity with 
the quality standards set by the quality department before putting a new product on the market. In this study, the production 
processes of trial tires are improved by the help of simulation and it is aimed to increase the production quantities. 
 
Keywords: Process management, process management,   simulation 
1. Introduction 
Today the competition among companies for determining and continually satisfying the needs and expectations of 
customers is increasing with every passing day. The main purpose of a production system is to satisfy the market 
demand on time in line with customer requests and expectations. To attain this goal, the plans of production should be 
drawn up considering such production constraints as the available inventory quantity, the capacity of machines, 
maintenance plans, and labor productivity and the plans drawn up should continually be updated against unexpected 
developments. Process management is not a management understanding which only indicates specific problems such 
as low quality and high costs. Another issue which is as important as determining the processes and enabling the 
system to run efficiently is to redesign these processes when necessary. The processes should also change as the 
market changes, as new technologies appear, and as competitors multiply. 
 
With globalization, customer-oriented production becomes one of the most important issues of companies in both 
production and service sectors. Therefore, establishments try to apply different strategies and innovations so as to 
continually improve their processes. Through process management, it is possible to explain how any process works, to 
monitor the process performance continuously and regularly, and to redesign the operation of a process so as to 
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improve the process performance. Process management envisages determining the processes existing in an 
establishment, improving them continuously by reviewing them in line with the changing needs and expectations of 
customers, and redesigning them, if necessary. For further information, see Panagocos (2012), Dan (2005), and 
Boutros and Purdie (2013). 
It is a fact that those establishments which produce goods or services under the present competitive conditions often 
make use of techniques like process improvement in order to attain their goals. Process-orientedness means attaching 
importance to the creation, but not the control, of quality (İnce et al., 2013). 
 
With Process Improvement, it is aimed to reduce unproductive tasks and steps. Through process improvement, 
definitions of tasks may change or new tasks may be needed. Studies for the continuous improvement of a process are 
carried out to find solutions to the problems in line with the objectives specified in teams with trained manpower 
under the leadership of the top management. Through process improvement, the perceived quality is improved; 
customer satisfaction increases; the costs decrease; the service/production time shortens; and the motivation of 
employees increases. For further information on process improvement, see Page (2010), Plenert (2011), George (2004) 
and Goldratt and Cox (2014). 
 
The idea of requiring no process improvement by thinking that the processes were designed well in the past and 
work well is one of the greatest mistakes of establishments. At the end of process improvement and development, the 
non-value added steps can be reduced; the use of few but efficient staff members can be ensured; and simplification 
may be preferred by reducing the control and decision steps. In addition, the processes may be simplified by 
generating early decision points, by carrying out the tasks in parallel with each other as much as possible, and by 
distributing authority and responsibilities by working in a team-oriented fashion.  
 
A tire-producing company carries out trial production that it calls “trial tires” before it presents the tires it intends to 
produce to customers in order to see the performance of the tires and to evaluate whether they are within the quality 
standards. When producing trial tires, it is desired to perform production in conformity with the standards set by the 
quality department. To see the conformity of trial tires with the quality standards at every stage of production, a staff 
member from the quality department is assigned to do measurements. Whilst the measurements done at every stage 
ensure that the trial tires are within the quality standards, they cause the production time to be longer than the normal 
production time. Furthermore, the inaccurate design of the production processes of trial tires means further 
prolongation of the production times and the failure to reach the desired production quantity. In this study, the 
production processes of trial tires are improved by means of simulation and it is aimed to increase the production 
quantities.  
2. The current production process of trial tires and its problems at the tire-producing company 
A tire, a product of superior technology, is the only contact point of a vehicle with the ground. Carrying a vehicle 
and all of its load, conveying the required power of the engine while braking and taking a curve, directing a vehicle 
with great safety regardless of the road and climatic conditions and reducing the effects of the roughness on the road in 
order to enable a vehicle to be long-lasting are among the most important functions of a tire. 
 
The raw material of a tire is rubber, and it is formed by subjecting it to several operations to undergo physical 
change and changes in its chemical composition during its production. The basic process used in tire manufacturing is 
composed of the mixers of machines (Banbury), extruders (tuber), and calenders.  
 
In the production process of a tire, first of all rubber – the basic raw material of a tire – as well as carbon black, 
chemical pigments, oil, and sulfide are ground, softened, and mixed in the banbury and the mills. 
 
The compounds coming from the banbury are processed in the extruder, beadroom, gum calender, fabric calender, 
and wire calender in order to undergo different treatments according to where they will be used. The apex and sidewall 
compounds to be used at the first stage and the tread compound to be used at the second stage are produced in the 
extruder. Bead production takes place in the beadroom, whereas the liner compound is produced in the gum calender. 
The apex is used as a filler and to ensure inflexibility in the bead region. Moreover, this structure is a material with 
high recycling since it consists only of a compound. The sidewall protects the carcass from extrinsic factors, humidity, 
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and damage and the tire from the effects of road and weather conditions. The tread compound is the part which 
provides an increase in the performance of a tire by resisting heat production by a tire and which touches the road. The 
fabric calender produces ply for the first stage and overlay for the second stage, and breaker production for the second 
stage takes place in the alphashear. A breaker both contributes to the load carrying capacity of a tire and minimizes the 
destruction of the tread. First, the carcass formation of the compounds processed at these machines is completed and 
then the tire is finalized at the second stage and sent for the process of curing. A carcass is the part which carries the 
load that a tire must carry together with the rim by holding the air pressure in it as being tubed or tubeless. The green 
tire is finalized at the stage of curing and sent to quality control. The tire production process is described in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The tire production process 
 
The tire-producing company carries out production under the name “trial tires” in order to see whether the 
alterations to be made to the existing product or the quality values of the product to be produced are within the 
standards. If the trial tires are within the quality standards, it is decided to produce the new product in order to put it on 
the market. At which machine the production of trial tires will take place is determined on the same day by the 
department of production planning according to the diversity of products. The trial tires produced are not put on the 
market; furthermore, they affect the working time of manufacturing. The machine decided for the production of trial 
tires is halted for daily production, and tire production loss as much as the time allocated for the trial is observed. 
 
When producing trial tires, each stage performed must be within the quality control limits. That’s why 
measurements are done at every stage. Since measurements are done at every stage of trial tires, the production times 
are longer than that of the normal tire production, which leads to the failure to reach the desired number of tire 
products per day. 
 
The long trial tire production time is not merely caused by continually doing measurements for conformity with the 
standards. Apart from this, many problems such as the late inclusion of trial tires in the production plan by the 
department of production planning, the hitches experienced in carrying and changing materials and the failure to adjust 
the monitor at the right time also lead to delays in production. After the decision about producing trial tires has been 
taken by the quality department, it is recorded in their monthly plans and they convey the decision to produce trial 
tires to the department of production planning. At which machine the trial tire will be produced is decided in the 
morning of that day before commencing production by the department of production planning. Nevertheless, owing to 
the machine breakdowns, maintenance or other problems experienced during the normal tire production, determination 
of the machine at which the trial tire will be produced is delayed every day. As seen in Table 1, the late inclusion of 
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the trial tire in the production plan by the planning department leads to a loss of time for 24 min per day. The loss of 
time for 24 minutes per day, spent for determining the machine, will be eliminated by the drawing up of a machine 
schedule by the department of production planning in agreement with the weekly trial tire program to be given to the 
planning department by the quality department. 
In normal production, the materials are brought and left within the machine site, where the work will be performed, 
by forklift and the working environment for the operator is prepared. This does not apply to trial tires. The materials 
are manually carried to the machine site from the inventory site by the machine operator. This leads to a loss of time 
for 101 minutes, as seen in Table 1. At the same time, the carrying of materials by hand also poses a danger in terms 
of Occupational Health and Safety. The failure of the planning department to specify beforehand at which machine the 
trial tires will be produced leads to a loss of time for 125.01 minutes (24+101.01) in total. With the preparation of a 
machine schedule by the planning department in agreement with the trial tire program to be provided by the quality 
department, the 125,01-minute delay caused by the hitches in production will be prevented too. 
 
Except for the reflection of the problems caused by planning, the automatic winding of the materials arriving for 
the trial tire was found unfavorable in terms of Occupational Health and Safety, and the control of winding was 
switched to “manual”, although it eliminated the opportunity for observation by a single person. As the distance 
between the machine’s control button and the machine prevents the angle of vision when a single person performs the 
winding, this causes the employee to shuttle between the machine and the button and this extends the time to 
commence production. It is thought to increase the range of vision by using viewing mirrors, which show the operator 
the arrival of the compound, on the sides of the machine so that the time for movement of the operator between the 
machine and the button will be eliminated even if the operator runs the machine manually.  
 
After the materials have been placed, the drum is adjusted appropriately by the monitor operator. However, the fact 
that the monitor operator allocated for the trial tire both checks both stages and takes part in all operations like 
changing the materials causes the drum adjustment of the trial tire to be made late. 
 
Adjustment of the drum and where the materials to be wound onto the drum will be located are reflected on the 
drum by means of the light system. When producing the product, this light system helps determine where the 
compound will be placed. Even though the light system specifies where the compound will be placed, it is still 
necessary to do measurements for the trial tires because the light system roughly determines how the compound will 
be placed. If it is ensured that the machine gives a signal at the moment when the compound exceeds the line after the 
quality values of the compound have been entered into the monitor with the light system, both the compound will be 
produced within accurate measurement values and the loss of time caused by doing measurements will be eliminated. 
With this method, it will be ensured that normal tire production will also be realized within the quality standards and 
the operator-induced production errors will be eliminated. 
 
The losses of time occurring during the production of trial tires at the company are shown in Table 1. In Table 1, 
the measurements are demonstrated as examples and the Average Loss of Time per Day applies to the whole sample.  
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Table 1: Lost times in the 1st- and 2nd-stage production of trial tires 
Week  Machine 
Determining the 
time taken for the 
machine 
The introduction 
and exchange of 
the material 
The monitor 
and drum 
settings 
Total time 
25H R1-11 10 70 50 130 
25H R1-21 10 70 25 105 
26H R1-22 10 80 45 135 
30H R1-6 45 275 75 420 
30H R1-7 15 74 37 126 
31H R1-3 30 270 50 350 
31H R1-20 20 100 210 330 
32H R1-16 10 35 15 70 
33H R1-19 15 110 15 140 
33H R1-18 10 30 30 120 
34H R1-4 25 105 40 170 
34H R1-15 15 105 65 185 
35H R1-5 15 35 60 115 
35H R1-6 10 65 30 300 
36H R1-3 15 245 15 275 
36H R1-27 10 80 55 220 
36H R1-19 14 166 210 390 
37H R1-27 25 60 60 120 
Average daily time Loss 24,86 101,01 68,16 186,1 
 
In the current state, as seen in Figure 2, the apex compound wound in the drum is cut by a rule of thumb from the 
top of the workbench seen in Figure 2(a). In spite of the presence of a photocell at the very bottom of the workbench 
from which the apex compound comes, the length of the apex is mostly long. Since the lower photocell has been fixed, 
the photocell length cannot be adjusted as in Figure 2(b). This causes the occurrence of a surplus of 14 to 18 cm after 
the apex has been cut excessively and wound onto the drum, as shown in Figure 2(c). As the apex is a structure which 
is comprised only of a compound, it can undergo recycling. Nevertheless, this leads to both the formation of a back 
workload and an unnecessary loss of time since the apex is cut twice. 
 
 
Figure 2: (a) Winding of the apex compound (b) The failure to adjust the apex cutting length (c) the apex compound to be recycled 
 
Adjustable photocells are available on the sidewall workbench for the adjustment of the compound length. Since 
the operator manually cleans the raw material left on the knife after cutting the apex, occupational accidents occur and 
manual cutting was provided by cancelling automatic cutting due to Occupational Health and Safety. The raw material 
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is reprocessed as the operators cut it to be longer or shorter than needed during manual cutting. The meters or footed 
photocells to be installed next to each apex cutting workbench will ensure that the apex length is adjusted more 
accurately, thereby preventing recycling in the case of cutting it to be longer and shorter. 
 
As seen in Figure 3, empty and full spools are randomly left within the production site. When determining the 
compound to undergo production, the spools in dispersed condition should be reconsidered. This causes the spools to 
be rechecked and leads to a loss of time. 5S should be implemented in the factory and training should be intensified. 
 
 
 
 
Figure 3. Dispersed location of the spools 
 
3.  Examination of the Current State in Trial Tire Production by using Simulation  
It was established that the number of trial tire products intended to be reached by the quality department could not 
be attained in the current state at the company where tires were produced, and solutions to the problem were sought. 
During the examinations performed, one of the reasons for the failure to reach the desired production was determined 
as the losses of time at the stage of preparation in particular. Where the losses of time occurred was investigated and is 
elaborated in Section 2. A simulation model was set up so as to realize the desired production quantity in the model. 
 
The data shown in Table 1 were obtained through the time study, and a specific sample was taken and used in the 
simulation program. The Arena program was employed when setting up the simulation model of the current system. In 
the model, it was accepted that one worked for 8 hours in one shift and it was seen that the production of a total of 46 
carcasses was carried out within this period. When making up the carcass in the production of the 1st stage, the first 
stage of the tire was completed by using the compound types of liner, ply, bead, apex, and sidewall, respectively. The 
measurements done for conformity with the quality values at every stage during the production of trial tires were also 
shown exactly in the model built. When setting up the current state of the model, the loss of time for 186 minutes in 
total, shown in Table 2, was reflected in the program at the beginning stage. 
 
 
 
Figure 4: The simulation model of the current state for the 1st stage 
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Arrival of the compound, the measurements and the combination of compounds to become a carcass are 
demonstrated in the model shown in Figure 4. The problems stated above with their solutions were evaluated 
according to an observation for a month, and a new simulation program proposed with the data pertaining to the 
solutions recommended above was written.  
3.1. An evaluation of the model proposed for the trial tire production process by means of simulation  
After the decision about producing trial tires had been taken by the quality department, the same times allocated for 
the quality measurements taken at every stage when producing the trial tires were also accepted exactly in the 
proposed model. Again in the proposed model, the model was run for eight hours per day. However, how much the 
production quantity was affected when the losses of time determined in the current state as a result of the observations 
performed were eliminated in the proposed model was examined, and the production quantity was observed to have 
increased to 98 pieces from 46 pieces. When the delays caused by the planning department and described in Section 2 
were eliminated in the simulation program, 23 more tires per day were produced.  
 
In the proposed model, it is recommended to draw up a machine schedule in agreement with the weekly trial tire 
program to be given to the department of production planning by the quality department. In this way, the loss of time 
for 24.85 minutes spent for determining at which machine the trial tires will be produced and the loss of time for 
101.01 minutes spent for carrying and changing the materials, shown in Table 2, will be prevented too. A total profit 
of 125.86 minutes will be achieved.  
 
Again in the proposed model, the quality values of the compound are entered into the monitor by means of the light 
system. The loss of time due to measurement is eliminated by ensuring that a signal is given by the machine in the 
event that the compound exceeds the line during production. In this way, 2 more tires per day will be produced by 
obtaining a profit of time for 3.41 minutes. 
 
Not only will the problems arising from the loss of time be solved with the light system but also the operator-
induced production errors will be eliminated by ensuring that they are produced within the quality values in their 
normal production. Finally, the loss of time for 68.16 minutes in the monitor and drum adjustments means that 84 tires 
per day cannot be produced. In the proposed model, a profit of 68.16 minutes was achieved through the light system, 
which was reflected on the production quantity as 84 pieces. The results of the simulation model of the current state 
and the results of the simulation model of the proposed state are compared in Table 2. 
 
Table 2. A comparison between the current state and the proposed state  
Circumstances  Current state Proposed state 
Occupancy of the machine throughout the 
process 
0,5939 0,6026 
Total number of parts processed 276,45 568 
Number of tires produced  
Duration of determining the machine 
Time spent for carrying and changing/ the 
material 
Time spent for monitor and drum adjustments 
Time for the production of a tire 
46 
24,85 
101,011 
 
68,16 
4,54 
98 
- 
57  
 
10  
2,34  
 
When the proposed state was simulated considering all these cases, the number of tire products produced (46 
pieces) in the current state was increased to 98 tires.   
4. .Conclusion 
A tire-producing company carries out trial production that it calls “trial tires” before it presents the tires it wants to 
produce to customers so as to see the performance of the tires and to evaluate whether they are within the quality 
standards. In this way, it is aimed to produce tires for the market within the targeted quality values. When the trial tire 
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production process was examined, it was observed to be longer than the normal production time. The reason for this 
difference in time was investigated; consequently, where the problems experienced in the processes were in the 
production of trial tires was detected and it was understood that these problems were caused by the department of 
production planning, by carrying and changing the materials, and by the failure to accurately adjust and locate the 
material workbenches to be used by the operators. The longer trial tire production time than the normal tire production 
time also leads to the failure to reach the desired production quantity for the trial production. 
 
To eliminate the long production times in the production of trial tires and to reach the desired production 
quantities, the current state was simulated first. Later on, the hitches in the current system were eliminated and the 
model was set up again. With the proposed model, the production times for the trial tires were shortened; the 
production quantities were increased; and the costs were reduced accordingly.   
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